Introduction
The fundamental prerequisite for documenting active fold growth is the recognition of late Quaternary marker horizons, which are of sufficient age and lateral extent to display gradients that depart from their initial orientation. In New Zealand many such markers have been used to document folding; these include marine terraces [e.g., Singh, 1971; Ghani, 1978; Berryman, 1993a, b] , fluvio-glacial terraces [Suggate, 1987] , and wave-planer surfaces [Lewis, 1971] . Although the analysis of active folding is often difficult owing to the continuous nature of deformation and the absence of suitable markers, it must be recognized that folding may account for a significant component of the total strain. In this context the analysis of active folding is extremely important if rates of deformation and potential seismic hazard are to be adequately characterized. Our observations also suggest that fundamental relationships exist between landscape development and the distribution of folds in areas of active deformation.
In an attempt to characterize active folding in the Waipara area of North Canterbury, New Zealand (Figure 1) we have integrated the analysis of bedrock structure, Quaternary stratigraphy, geomo•10hology, and pedology. Data have been col-
Geomorphic Surfaces
In the Waipara area, five groups of geomorphic surfaces are identified using soil morphology, elevation, and available age data. The oldest, named the Teviotdale Surface [Wilson, 1963] , is of small areal extent and characterized by isolated loess-mantled remnants preserved to the south and southeast of the Waipara River. This surface is not studied here.
The next youngest and more extensive surface was named "Canterbury Surface" [Wilson, 1955] , and the gravels that immediately underlie this surface were referred to as "Canterbury Gravels". Harris [1982] recognized that Canterbury Gravels within the Waipara-Omihi valley were deposited by a slow flowing, meandering river channel that re-peatedly migrated across a floodplain dominated by a mosaic of grassland-shrubland. These sediments were inferred by Harris to correlate with those deposited during and since the last glacial maxima (approximately 12 -24 kyr ago; [see Pillans et al., 1993] based on the apparent absence of loess, glacial, or periglacial deposits, the slight degree of weathering, and lack of stream dissection. This estimate was supported by a conventional radiocarbon age of 10,550 + 150 years B.P. obtained from a Hyridella shell sample within an upper silt unit, but such shell samples can be subject to contamination, and we regard this date as a minimum. Although the uppermost portion of the meander stream sequence was thought to represent deposition during the last glacial maxima (LGM), the entire meander stream sedimentary succession represents progressive infilling of a basin along the hinge of the Waipara Syncline during the late Quatemary. For the purposes of this study the late last glacial aggradation surface in the Omihi-Waipara valley will subsequently be referred to as the "Omihi Surface" (see Figure 1 for lateral extent).
The Oraibi aggradation surface is underlain by up to approximately 3 m of calcareous silts, sands, and gravels, which may contain or overlie a silicic tephra (Figure 2 ) erupted from the Taupo Volcanic Zone, which is here correlated to the approximately 22.6-kyr-old Aokautere Ash (see next section). The presence of this tephra below the Oraibi Surface suggests that the terrace is necessarily younger than approximately 22.6 kyr. The mature nature of the soil profiles (vertic melanic soils, see Figure 5 ) suggest that the surface is unlikely to be Holocene in age. We infer that the terrace surface formed during late last glacial (approximately 12 + 2 kyr ago) aggradation of Omihi Stream. The Canterbury and Omihi aggradation surfaces appear to coalesce and grade to the same height in the general vicinity of Waipara township (Figure 1) .
The fourth geomorphic surface is Weka Fan, characterized by a series of narrow alluvial ridges that extend east and southeast from the mouth of Weka Pass across State Highway 1 (Figure 1 ). Southeast of Weka Pass, the Weka Fan is clearly higher than the older Canterbury Surface, and lobes of alluvium overlie loess which was presumably derived from the Canterbury Gravels. A possible correlative of this loess-mantied surface occurs as a small, eastward dipping remnant preserved on the eastern side of the Mound (Figure 1) .
Below the Canterbury and Omihi Surfaces, flights of river terraces step down to the active floodplains. These surfaces are characteristically stony, with rudimentary soil profiles that are predominantly <0.25 m in thickness (orthic brown soils, Figure 5 ) and are interpreted as degradation terraces. A radiocarbon date from charcoal sampled from beneath a degradation terrace in Limestone Creek (Figure 1) was erupted from the Lake Taupo area (see Figure 1 inset) at approximately 22.6 kyr ago [Wilson et al., 1988; Froggatt and Lowe, 1990; Pillans et al., 1993] . This air fall tephra has proven to be extremely useful in regional studies because it defines an isochronous horizon for correlation and age control of LGM loess, peat, and colluvial deposits, as well as geomorphic surfaces and associated soils. This air fall tephra is found extensively within central and southern North Island [Milne, 1973; Palmer, 1982] , as well as northern South Island [Eden, 1983; Campbell, 1986] . Isolated occurrences have also been reported from western South Island [Mew et al., 1986] ; however, in North Canterbury, Aokautere Ash has only been previously reported from one site just southeast of the study area, near the township of Amberley [Kohn, 1979] . Here the tephra was fission track dated at 20,300 + 7100 years B.P. In other areas of central and southern South Island, where this tephra is absent, age determinations of late Quaternary geomorphic surfaces and/or soils have been mostly restricted to using t4C and thicknesses of weathering rinds on graywacke sandstone clasts [e.g., Chinn, 1981; Knuepfer, 1988; Campbell and Nicol, 1992] . In this study, four new localities of a silicic tephra are identified and described in the vicinity of Waipara in North Canterbin3 r (Figure 1 ). Here this tephra occurs typically as an intermittently exposed approximately <0.05-m thick horizon encapsulated within fine-grained, calcareous fluviatile deposits ( Figure 2 ). This tephra can be readily distinguished from similarly thick, very pale brown to white CaCO 3 layers on the basis of its characteristic pinkish color (SYR 7/3) and silt-grade, glassy texture.
Aokautere Ash is the only macroscopic silicic tephra extensively present in late Quaternary strata. Consequently, its thickness and stratigraphic position within LGM loess in most areas is usually distinctive enough to permit its reliable identification. However, in the Waipara area the silicic tephra occurs enclosed within late Quaternary fluviatile deposits but has yet to be found as a discrete layer within LGM loess of the area; its identity as Aokautere Ash therefore required confirmation by glass shard chemistry.
Glass shards of samples from two Waipara localities were analyzed for major elements using electron microprobe (EMP) analysis. The EMP analyses (Table 1) All major element determinations were made on a JEOL JXA-733 electron microprobe housed at Victoria University of Wellington. Analyses were determined using a beam current of 8 nA, beam diameter of 20 mm, and 3 x 10-s peak counts (meaned). Values are in weight-percent oxide, recalculated to 100% on a fluid-free basis. H20 is by difference from 100%; total iron expressed as FeO; n is number of analyses. The major element composition of internal glass standards KN-18, VG-99, and VG-568 were routinely analyzed to check and correct for machine drift. See (Table 2) SSW but has a much reduced apparent dip in the bank exposure of Figure 4 . Below the ash horizon the beds become increasingly tilted, fi'om which we infer that the cover beds increase in age toward the unconformity surface and that the onset of folding began well before cover bed deposition. To qualify these age relationships, we have used rates of shortening for the period since ash deposition and dip data from the pre-ash beds (see Table 2 for further details). The fault exposed at the Fault Bank locality (Figure 4) is a mesoscale structure that strikes southeast at an oblique angle to the main folds. Slickenside striations on the fault plane suggest that it has accommodated dip-slip movement, while two gravel marker horizons, G1 and G2, have been displaced in a reverse sense by 3.8 and 5.7 m, respectively (Figure 4) . The fault has accommodated a total of at least 5.7 m displacement during two or more events since the deposition of the top of the G2 gravel bed. The top of the G2 gravel unit is eroded, so this figure is a minimum. Aokautere Ash perceptibly thins toward, and is apparently deformed adjacent to the fault, which suggests that the last fault movement postdates approximately 22.6 kyr. Using the age derived for the top of the basal gravel bed (approximately 78 + 19 kyr, see Age Estimates section), a minimum slip rate of 0.073 + 0.019 m/kyr is calculated for the fault.
Shortening Calculations. The age and dip of the Aokautere Ash are used to calculate both the amount and rate of local finite shortening for the period since ash deposition at the Fault Bank locality. These calculations are based on the following assumptions: (1) the ash horizon and all beds for which ages have been calculated were approximately horizontal prior to deformation and (2) the ash horizon and bed dips are indicative of folding achieved by bed rotation about a horizontal axis associated with constant rates of shortening.
The first assumption appears to be reasonable, given that the ash horizon is contained within fluvial pebbly silts and sands, where present floodplain gradients ø for Omihi Stream and the Waipara River are generally <0.3 . The mechanics of fold development are not addressed in detail here. However, given that the folds are developed in late Cretaceous and younger strata, which generally do not exceed 1.5 km in thickness, and that the active folding we are describing is now occurring at the ground surface, we conclude that the folds formed at shallow levels (<1.5 km) in response to buckling. is not significant in the study area, except adjacent to faults o and within mudstone lithologies that dip at angles >60 . The folding is therefore modeled by assuming that departure of bedding dips from the horizontal represents a bed rotation which has taken place about a confined horizontal fold hinge zone, with little or no change in bed length. In the Waipara area, fold hinges are commonly subhorizontal (<15 ø) and the use of horizontal axes of bed rotation appears to be a reasonable approximation. In order to provide age estimates, we have also assumed that folding reflects constant shortening. This assumption of constant shortening represents a departure from previous studies [e.g., Wellman, 1971; Ghani, 1978] , where constant rates of tilting have been inferred. However, there is almost no mechanism for accommodating constant tilting during fold growth, while it is at least possible that folding reflects constant shortening. Therefore for the purposes of this study, invariant shortening is assumed, although over the entire period of late Cenozoic deformation, this is likely to represent an oversimplification. Shortening is calculated for a given bed length using the equation S = 100(1 -cos 0), where $ = shortening (in percent)and 0 = bedding dip. Using the Aokautere Ash horizon data ( (Table 2) . This extrapolation also provides a first-order estimate for the age of the onset of deformation, which is observed in the underlying Kowai Formation bedrock (Table 2) . Our age estimates for the fluvial deposits are supported by independent data, while the inferred age for the onset of deformation should be regarded as a crude estimate. These data are presented in Table 2 Figure 4) , and age constraints already calculated from bracketing the sediments on the southwest side of the fault it is suggested that the carbonaceous horizon and underlying gravel unit accumulated during an episode of cold (full glacial) climate that broadly corresponds with oxygen isotope 4 (approximately 70 kyr ago). A marked angular unconformity at the base of the fluvial beds on the southwest side of the fault signifies that the Kowai Formation bedrock is appreciably more deformed than the overlying Quaternary beds. Accordingly, the age for the onset of deformation of bedrock is inferred to be considerably older than the calculated age of the bedrock strath (approximately 103 + 23 kyr). Using the rate of shortening derived from the Aokautere Ash, all of the observable deformation of the Kowai Formation at this locality could have been achieved in the last approximately 500 to 700 kyr (for further discussion, see Timing and Strain Rates of Deformation section).
Glenray Locality
A flight of fluvial terraces on the north bank of the Waipara River are variously tilted owing to folding associated with the development of the Waipara Syncline and adjacent anticline structures (Figure 1) . The terrace surfaces display an increasing departure from the present stream gradients with vertical distance above the Waipara River floodplain. The terrace gradients are measured from profiles surveyed by automatic level, normal to the strike of folding ( Figure 5) . Seven principal terraces are recognized above the present floodplain of the Waipara River, five of which are displayed in Figure 5 . These terraces are divided into two groups (1) the uppermost Omihi aggradation surface and (2) a flight of Waipara River degradation surfaces. The measurement error associated with surveying is conservatively estimated at + 0.1 m, while local topography on the terrace surfaces is of the order + 0.5 m. Consequently, consistent departures of terrace surface elevations in excess of 0.6 m, which can be correlated with the locations and geometry of the underlying macroscopic folds, are inferred to reflect differential uplift associated with folding.
The most striking aspect of the terrace profile data ( Figure  5) is the marked eastward climb of the Omihi Surface toward the hinge of the adjacent anticline. To the west the surface has an elevation of 70.6 m above mean sea level (amsl) and is approximately parallel to both the degradation surfaces and the Waipara River floodplain. Between 1.4 and 1.6 km from the anticline hinge the aggradation surface begins to increase in elevation, reaching a maximum elevation of 85.2 m (amsl), at a distance of 0.3 km from the hinge. This local differential uplift and the resulting tilt on the Omihi Surface appears to directly reflect growth and development of the anticline immediately west of the surface (Figure 1) . By assuming that the Omihi Surface was initially horizontal in the plane of the profile, a reasonable assumption given that the surface probably developed owing to southward aggradation and the profile is oriented east-west, then it is possible to calculate the amount of local uplift at any point along the surface. The amounts of uplift are calculated relative to the Waipara Syncline hinge (the lowest point in the structure), which is assumed to represent the point of zero local (or relative) uplift and to range from 0 to 18.5 m. Assuming an estimated age of approximately 12 + 2 kyr for the Omihi Surface, uplift rates ranging from 0 to 1.54 m/kyr (-+-approximately 20%) are calculated for six points on the terrace (Figure 7) . However, if the gradient of the aggradation surface is extrapolated to the hinge of the adjacent anticline, then the calculated uplift rate would be 1.83 + 0.52 m/kyr. This figure is remarkably close to the uplift rate (1.70 m/kyr)derived by Yousif[1987] for the same anticline hinge 0.5 km to the south in Yellow Rose Creek (Figure 7) . Tilting of the Omihi Surface reflects shortening rates of 0.15%/100 kyr, considerably less than that calculated from the Fault Bank locality where the influence of the Omihi Fault is likely to be greater, but similar to the rates of shortening that could be inferred from bed dips of 5 -10 ø formed in the last 500-700 kyr (see Timing and Strain Rates of Deformation section for further discussion of strain rates).
In contrast to the Omihi Surface, the Waipara River degradation terrace profiles display considerably less departure from the present floodplain gradient ( Figure 5 ). This suggests that if the rate of deformation has remained approximately constant, then the degradation terraces are considerably younger than the aggradation terrace. The radiocarbon date (1008 + 63 years B.P.), which is inferred to date the ponding of Limestone Creek during the formation of the second highest Waipara River degradation terrace, implies that those terrace surfaces lower in elevation than the dated terrace are less than 1000 years old. A second radiometric date derived from wood also sampled from within "ponded" deposits, but in a stream immediately adjacent to Limestone Creek, produced a similar age of 1150 + 55 years B.P. (N34/f76 [Yousif, 1987] ) and supports the late Holocene age assigned to the terraces. These radiocarbon dates are further supported by weatheringrind data and •4C dates derived from Waipara River terraces upstream [Campbell and Nicol, 1992] and require that the river at Waipara has downcut approximately 20 m during the late Holocene.
Mound Locality
The Mound locality is a loess-mantled remnant of Teviotdale Surface [Wilson, 1963] closely associated with a reverse fault that displaces the steepest limb of the asymmetric fold. We therefore infer that folding at the Mound Section reflects the presence of a macroscopic reverse fault at depth (cross section, Figure 1) . The post-Canterbury terrace surface (T3) with its thin veneer of degradation gravels appears undeformed (Figure 6a) . Its strath at the anticlinal hinge unconformably overlies severely sheared pre-Canterbury weathered gravels; whereas, immediately either side of the anticline, the post-Canterbury gravel strath overlies Canterbury gravels paraconformably. Similarly, the Canterbury terrace surface (T2) across the anticlinal structure also appears undeformed, but aggradational gravels beneath this surface thin perceptibly across the hinge. 
Uplift Rates
The rates of uplift calculated on the Omihi Surface at Glenray must be regarded as relative or local values, which provide information about deformation associated with folding. To derive an estimate for the total uplift, a component of regional uplift must be added to these local values [cf. Ghani, 1978] . To relate the Glenray data to the total uplift (i.e., to calculate the local and regional components of uplift), we have independently analyzed uplifted marine terraces (M1 -M3) preserved at the Pacific coast east of the study area (Figure 7) .
Marine terrace elevation and age data are from Yousif [1987] . The lowest marine terrace (M1) forming the coastal plain to the east of the study area, though not directly dated, was assigned an age of approximately 60 ka (6•80, stage 3) . This age is based on the presence of two overlying loess units, separated by a weak paleosol, and Aokautere Ash within the upper loess unit [Kohn, 1979] . The age of the M1 terrace is consistent with marine terrace data from Wanganui [Pillans, 1985 [Pillans, , 1988 
which similarly show the approximately 60-kyrold Rakaupiko marine terrace overlain by two loess units.
While there is little direct evidence for the age of the two remaining and more elevated marine terraces (M2 and M3), ages of c. 80 and 100 kyrs, respectively, are inferred using the sea level data of Chappell and Shackleton [1986] and produce uplift values which are consistent with the fold structure contour data, as well as M1 uplift rates (Figures 7 and 8) . In Figure 7 the locations and inferred ages of the marine terraces are plotted on a structure contour map constructed on the base of the Pliocene (base of the Kowai Formation), modified from Wilson [1963] . A positive relationship exists between uplift rates and structure contour values. To quantify th',s relationship, the uplift rate is plotted against structure ccntour value for each location (Figure 8 ). The uplift rates appear to be intimately related to the underlying fold geometries (see also, Yousif [1987] ). Wellman [1971] , Ghani [1978] and $uggate [1987] have documented similar relationships elsewhere in New Zealand and concluded that the spatial distribution of uplift was related to the position of folds preserved in the underlying Tertiary strata. Similarly, the Waipara data also suggest that the incremental fold-related uplift is in accord with the total finite shortening, from which it is infen'ed that a significant component of the measurable folding developed during the current phase of regional deformation (i.e., within the Pleistocene). We conclude that, locally, the pattern of uplift principally reflects growth of the underlying folds.
If it is assumed that the range of marine ten'ace uplift rates (1.36-2.16 m/kyr) reflects principally the location of the terraces relative to the folds, then the points of zero local uplift (i.e., macroscopic syncline hinge zones) and maximum total uplift (i.e., macroscopic anticline hinge zones) can be located and their values estimated. However, because not all structure contours have been sampled, the linear relationship determined in Figure 8 (line b) must be extrapolated to the highest and lowest structure contour values, assuming a constant line gradient to estimate the complete range of uplift rates. The maximum structure contour estimate is derived by sampling from the structurally highest point on the Cass Anticline (structure contour approximately 890 m), while determining the minimum structure contour value is more difficult, as the syncline immediately east of the marine terraces is offshore and the Waipara Syncline, which plunges gently to the SSW, is spatially removed from the uplift data. For the proposes of this work we have assumed that the base of the fold-enveloping surface is approximately horizontal between Waipara and the coastline and use a range of minimum structure contour values from-250 to -650 m. This range represents values in the Waipara Syncline adjacent to the Cass Anticline maxima and is used to calculate the estimated minimum uplift. At the intersection of these structure contour estimates and the statistical line of best fit (Figure 8, line b), two uplift values are  inferred, a minimum of 0.68-1.20 + 0.2 m/kyr and a maximum  of 2.68 + 0.2 m/kyr . These uplift rate estimates are an order of magnitude larger than those derived by Wellman [1979] for the same region but are in broad agreement with uplift rates calculated immediately to the north [Ota et al., 1984] and southwest [Cowan, 1992a] . The maximum value, 2.68 + 0.2 m/kyr, is inferred to approximately equal the maximum uplift rate for the region between Waipara and the coast (i.e., the coastal ranges). The minimum uplift rate is regarded as the lowest local uplift rate. At the location of minimum uplift the local component of uplift is approximately zero and the total uplift is approximately equal to the regional component. The regional component of uplift at Waipara is therefore inferred to be between 0.68 and 1.20 m/kyr, and local uplift may account for up to approximately 55-75% of the total. However, the component of local uplift in the total is expected to decline significantly westward as the regional uplift associated with the Alpine Fault and development of the Southern Alps increases.
A comparison of the uplift rates for the Omihi surface and marine terraces (Figure 8, lines a and b) illustrates a disparity between these two data sets with respect to the structure contour values; where for a given range of structure contour values, the Omihi Surface uplift rates are greater than those of the marine terraces. Such a disparity would be expected if the uplift rates of the Omihi Surface were high (relative to the average rates of uplift for this part of the fold) during the Holocene. Locally high uplift rates could have been induced by southward propagation of the Omihi Fault and a corresponding westward migration of the range front into the Waipara valley.
The present analysis of uplift has two important implications for improving our understanding of the analysis and interpretation of uplift in areas of active folding. Previously, the analysis of uplift in New Zealand has mainly been confined to areas where geomorphic marker surfaces, such as marine and fluvial terraces of known age, are present. Although extremely useful, this has obvious limitations because these surfaces are usually of limited extent and are rarely preserved in areas of greatest uplift. We suggest that the analysis presented in Figure 8 
Timing and Strain Rates of Deformation
Although there is stratigraphic evidence for tectonic activity in North Canterbury during the Miocene and Pliocene [e.g., Andrews, 1963; Wilson, 1963; McCulloch, 1981; Browne and Field, 1985] , it appears unlikely that measurable faulting and folding began prior to the early Pleistocene [Nicol, 1992; Cowan, 1992a, b] . This early Pleistocene age represents the upper age limit of the Kowai Formation, which based on outcrop scale observations is everywhere conformable with the underlying formations at similar locations with respect to the macroscopic folds. It has been suggested therefore that the onset of measurable deformation postdates deposition of much of the Kowai Formation [Nicol, 1992] . This formation is everywhere poorly dated, but upper parts of the unit are inferred by several workers [Wilson, 1963; Gregg, 1964; Browne and Field, 1985] (Table 2) . A second estimate is derived from the 1340 + 250 m structural elevation difference between the Cass Anticline and Waipara Syncline and a differential uplift rate of 1.74 + 0.5 m/kyr (2.68-0.94). By assuming that the rate of differential uplift across the folds was constant for the duration of deformation, we estimate that folding was initiated between 0.5 and 1.3 m.y. ago. Although both calculations require assumptions that are likely to represent oversimplifications, we suggest that, collectively, these data provide a basis for first approximation of the onset of deformation. We favor a first-order age of 0.8 + 0.4 m.y. for the onset of deformation in this part of North Canterbury. Similar ages have been inferred for the initiation of rapid uplift of the North Island axial ranges [e.g., Ghani, 1978 , 1990] , as is to expected on the edge of the plate boundary zone. However, immediately to the north and west of Waipara, shortening of 10-20% is more common [Nicol, 1991 ] , and assuming that the deformation is not significantly older, rates of shortening of 3-5 m/kyr may be more representative.
Influence of Deformation on Cover Bed

Stratigraphy and Geomorphology
Although folds appear locally to have developed in response to faulting at depth, the predominance of folds at the surface and the way in which deformation is laterally distributed by folding have a profound influence on surface processes. Active folding plays an integral part in establishing the distribution and morphology of both geomorphic surfaces and associated cover beds of varying ages in North Canterbury.
As tectonic uplift is closely related to folding, so, too, must the spatial distribution of erosion and sedimentation be significantly influenced by folding. Throughout North Canterbury, anticline hinges are marked by eroding ranges or ridges, while synclines are coincident with valleys or basins that contain late Pleistocene aggradation gravels. These gravels often form angular discordances of 2-30 ø with Tertiary bedrock (e.g., at the Fault Bank locality, Figure 4) , which suggests that the onset of sedimentation postdated the initiation of folding and shortening. Therefore the gravels are necessarily younger than 0.9 + 0.4 m.y.; at the Fault bank locality, sedimentation is inferred to postdate the onset of deformation by ab. out 0.5 m.y. Similarly, the coastal ranges east of Waipara must be older than the oldest valley fill, which from the Fault Bank locality appears to be approximately 100 kyr. Where observed bedrock/late Pleistocene gravel contacts invariably dip toward adjacent synclines, Quaternary cover beds are thickest above the active synclinal fold hinges and thin toward the anticlinal hinges. Evidence for this is provided by the absence of Quaternary deposits on or adjacent to the anticlines and by the absence of bedrock along the banks of the Waipara River within each of the synclines. The height of the first terrace above the south bank of the Waipara River suggests that Quaternary gravel deposits reach a thickness of at least 20-30 m. By extrapolating the dip of the bedrock strath surface to the syncline hinges it is estimated that, locally, gravel thicknesses may reach maximum values of 80-140 m above syncline hinges (Figure 1, cross section) .
Geomorphic surfaces examined during this study appear to have formed within the last 100 kyr and are young relative to the age of onset of deformation. Owing to active folding, fluvial surfaces of >10 kyr are most often preserved on the flanks of anticlines. Local evidence for burial of fluvial sin'faces close to synclines is provided at the Mound Section, where a loess-covered surface passes beneath a degradation surface of younger age (Figure 6a) . Conversely, late Pleistocene cover beds and fluvial terraces are currently being uplifted and eroded along the Waipara range front. Below the Omihi aggradation surface, flights of degradation terraces step down to the present Waipara River floodplain. The degradation surfaces are generally characterized by rudimentary stony soil profiles which strongly suggest late Holocene age. Two radiocarbon dates, each of about 1 kyr B. P. also suggest that most of these degradation surfaces are of late Holocene age. At Waipara the Waipara River has downcut approximately 20 m in the last 1 kyr, which would require an average downcutting rate of 2 m/100 years over this period. The reason for this period of rapid downcutting is not clear, although it may be that river incision was triggered by uplift associated with the last fold growth event on the adjacent anticline. If this is so, then the question remains as to why there is little evidence of previous Holocene downcutting events along this part of the Waipara River. Few data are presently available to address this problem, and we cannot discount the possibility that close to the Waipara Syncline the Waipara River has experienced periods of both aggradation and degradation during the Holocene. Rapid late Holocene downcutting requires that despite continued deformation the Waipara River remained at or close to the level of the late Pleistocene aggradation surface for possibly as long as 10 kyr. It is also reasonable to speculate that rapid downcutting of the Waipara River during the late Holocene might have been influenced by two narrow, structurally controlled gorges that confine the river on either side of the Waipara Syncline and control rates of sediment flux.
Conclusions
Rates of folding in the Waipara area during the late Quaternary are measured using tilted and uplifted fluvial terraces, marine terraces, and cover beds. Our data suggest that the spatial and temporal distribution of deformation is variable. The highest rates of deformation occur along the Waipara range front, where bedrock deformation is most intense. Shortening rates reach up to 5.57 + 0.69%/kyr and average 0.8 ñ 0.4 %/ 100kyr across the coastal ranges. This average is indicative of an absolute shortening rate of 1.4 + 0.6 m/kyr, which represents only a small proportion of the predicted plate motion vector in this region but may increase to 3-5 m/kyr immediately to the north and west. Uplift rates range from 0 to 1.83 m/kyr for a late last glacial fluvial terrace and from 1.36 to 2.16 m/kyr for three marine terraces. Both fluvial and marine terrace uplift rates vary in accord with the geometries of folds in the bedrock, and the spatial pattern of uplift directly reflects fold growth. In these circumstances a first approximation to the spatial pattern of uplift may be derived from the structure contour pattern of beds across the folds. Fold-related differential uplift accounts for up to approximately 55-75% of the total uplift and has produced folds with structural relief of about 1300 m. These folds have formed over the last 0.8 + 0.4 m.y. since the onset of late Cenozoic deformation in the Waipara region. The coastal ranges and Waipara valley, with its associated gravel deposits, owe their existence to folding and therefore must postdate the onset of deformation.
